We previously reported a novelty P3 reduction in depressed patients compared to healthy controls (n 5 20 per group) in a novelty oddball task using a 31-channel montage. In an independent replication and extension using a 67-channel montage (n 5 49 per group), reference-free current source density (CSD) waveforms were simplified and quantified by a temporal, covariance-based principal components analysis (PCA) (unrestricted Varimax rotation), yielding factor solutions consistent with other oddball tasks. A factor with a loadings peak at 343 ms summarized the target P3b source as well as a secondary midline frontocentral source for novels and targets. An earlier novelty vertex source (NVS) at 241 ms was present for novels, but not targets, and was reduced in patients. Compatible CSD-PCA findings were also confirmed for the original low-density sample. Results are consistent with a reduced novelty response in clinical depression, involving the early phase of the frontocentral novelty P3.
The archetype of cognitive event-related potential (ERP) components is a positivity that can be recorded at around 300 ms poststimulus (P300 or P3; Sutton, Braren, Zubin, & John, 1965) , which has been identified in diverse paradigms. However, it soon became clear that the apparent ubiquity of P3 obscured an underlying distinction between separable subcomponents of a late positive complex (Squires, Squires, & Hillyard, 1975; Sutton & Ruchkin, 1984) , and that quantification strategies suited to simple sensory-evoked potentials (i.e., reference-dependent peak or window measures) were inadequate for components with broad, overlapping time courses and topographies (Donchin, 1966; Glaser & Ruchkin, 1976; . The de facto standard task for studying targetrelated P3 (P3b) is the two-stimulus oddball task, consisting of frequent standard stimuli and infrequent targets. We recently exploited the familiarity of this well-known ERP paradigm with auditory stimuli to evaluate a generic new approach to the identification and measurement of ERP components. This methodology relies on refinements of well-established techniques, current source density (CSD) and principal components analysis (PCA), to separate components having simpler topographies that are unaffected by the recording reference and that are more closely related to the underlying neuronal generators (Kayser & Tenke, 2006b; . Apprehensions about the attenuation of components arising from deep or distributed generators by the CSD transformation (e.g., Nunez & Srinivasan, 2006) were not supported for group comparisons (Kayser & Tenke, 2006b ). CSD-PCA solutions were surprisingly stable, resulting in comparable component structures for the same binaural oddball tasks using low-density (31-channel) and high-density (129-channel) montages (Kayser & Tenke, 2006c) as well as for a unique oddball task using dichotic stimuli . In our implementation of the oddball task, the P3 source factor for targets had a characteristic parietotemporal topography. central positivity (P3a), even if the stimuli are ignored (Squires et al., 1975) . Knight (1984) used a variation in which an irrelevant novel sound (a dog bark) was presented, and observed and enhanced, shorter-latency N2 (Cz maximum), followed by a frontocentral P3 that decreased over the first five presentations. Patients with frontal lesions showed neither the enhanced N2 nor the frontocentral P3.
The auditory novelty oddball task now generally includes a class of trial-unique, novel stimuli (animal sounds, musical instruments, environmental sounds), which in turn elicit an early, anterior novelty P3 (Friedman, Simpson, & Hamberger, 1993) . Considerable effort has been applied in determining the functional and topographic (and by implication, neuronal generator) properties of this novelty P3, and a strong case has been made for its identification as P3a (Friedman, Cycowicz, & Gaeta, 2001; Polich, 2007; Simons, Graham, Miles, & Chen, 2001; ). The idea that novelty P3/P3a reflects frontal attentional processes related to the orienting response (Friedman, Cycowicz, & Gaeta, 2001; Polich, 2007) is also consistent with evidence that novelty P3 (but not P3b following novelty P3) is associated with the electrodermal orienting response (Marinkovic, Halgren, & Maltzman, 2001) .
Based on the topographic and temporal distinction between the novelty P3 and target P3b in the same task, spatial PCA methods have confirmed the characteristic midline frontocentral topography of novelty P3 , as does cortical image transformation (deblurring; He, Lian, Spencer, Dien, & Donchin 2001) and the related, but simpler, surface Laplacian (Friedman et al., 2001) . When probed using intracranial electrodes (oddball task; nose reference), P3a typically appears as part of the triphasic component sequence, N2a/P3a/SW . In the vicinity of the posterior cingulate gyrus, the potential gradients are steep, suggestive of proximity to a generator. However, the same component sequence is seen within the frontal lobe as well , but with no significant differences between distracters and targets, and is characterized by steep intracranial field potential gradients near the inferior frontal sulcus. Findings more consistent with the scalp topography of the novelty P3 are the large amplitudes (4100 mV) and steep gradients in orbitofrontal regions, with polarity inversions at the most medial sites. In a summary of their recordings, Halgren, Marinkovic, and Chauvel (1998) noted ''clear inversions of the P3a occurred in the anterior cingulate cortex and its inferior extension, the gyrus rectus'' (p. 160) thereby directly implicating these regions as possible generators of the novelty P3.
Volume Conduction and Source Localization: Putative Midline Generators of Novelty P3 CSD analysis is the simplest of a number of generator localization approaches based on the volume conduction model, which may be expressed as a vector form of Ohms law:
where J is current flow density, E is the electric field (i.e., gradient of the measured field potential) and r is the conductivity tensor of the medium. The most concrete application of Equation (1) is a direct simplification in the form of Poisson's source equation, which allows the quantification of current generators (sources and sinks) in intracranial (CSD laminar profile of cortical regions) or scalp data (surface Laplacian; radial scalp current density 1 ). This relationship applies equally to measured and inferred intracranial fields, and thereby provides a common, multiresolutional framework into which findings from scalp ERPs, inverse models (e.g., brain electrical source analysis (BETA), low resolution brain electromagnetic tomography (LORETA)), and intracranial studies may be integrated . Dien, Spencer, and Donchin (2003) used a dipole inverse model to support the anterior cingulate cortex (ACC) as a generator of novelty P3. An ACC solution has since been replicated (Debener, Makeig, Delorme, & Engel, 2005) , even when the location of the dipole inverse solution has been constrained based on fMRI (Crottaz-Herbette & Menon, 2006) . However, ERP and fMRI measures differ considerably both in their temporal and spatial resolution and in their biophysical substrates, suggesting that this convergence is quite fortuitous. Moreover, as previously argued (Kayser & Tenke, 2006b; , cortical generators should be characterized by local current flow approximately normal to the cortical surface (i.e., aligned with projection cells; Klee & Rall, 1977; Lorente de No, 1947; Tenke, Schroeder, Arezzo, & Vaughan, 1993) . What at first glance appears to be a parsimonious convergence of findings across methodologies actually introduces an electrophysiological paradox: Unless the generator is restricted to the banks of the cingulate sulcus, rather than the cingulate gyrus itself, the equivalent dipole should be tangential to the midline scalp. In this regard, it is notable that a tangential generator is consistent with published CSD maps of novelty P3, in which a midline source may be coupled with lateral sinks (cf. Figures 5 and 8 of Friedman et al., 2001) .
Misgivings about the anatomical or physiological adequacy of inverse solutions have led some seasoned investigators to question ERP generators localized by inverse models to the cingulate gyrus. Given the possible commonality of P3a and the no-go P3 produced in go/no-go tasks (Polich, 2007) , it is of interest that when Verleger, Paehge, Kolev, Yordanova, and Jaskowski (2006) localized an equivalent dipole for go/no-go P3 to midline cingulate cortex between areas 24 and 23 (i.e., near motor areas), the authors acknowledged the possibility ''. . .that this is simply the center-ofmass of some widespread effect. . . .'' (p. 311). Likewise, Mathalon, Whitfield, and Ford (2003) recognized the possibility of misallocation by a single midline dipole solution for error-related negativity (ERN) in the anterior cingulate. We defer this discussion to another paper , noting only that the apparent precision with which neuronal generators have been localized may be illusory. The precise regional and laminar generator patterns underlying the novelty P3 are still poorly understood.
None of the above considerations affect the validity of the surface Laplacian or CSD. To the contrary, they underscore the consistency of these methods, and suggest that the efficient descriptions provided by CSD-PCA may, at times, be more relevant to the generator localization problem than a precise, but modeldependent, inverse solution that leads to erroneous conclusions. Being immune to the nonuniqueness that plagues inverse models (i.e., multiple solutions using a different number of generators are equally valid), or by their assumptions about the nature and distribution of underlying neuronal generators (i.e., number and orientation of dipoles; orientation of intracranial current flow), scalp-based CSD recordings provide a conservative description of the source image at the scalp, while also imposing constraints by which the physiological plausibility of a generator may be evaluated.
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Novelty P3 in Depressed Patients
P3 reductions in depression have been reported using a challenging dichotic listening test (Bruder et al., 1995) , and a dichotic oddball task . However, reports of reductions in simpler oddball tasks have been inconsistent (for reviews, see Bruder, Kayser, & Tenke, in press Roth, Duncan, Pfefferbaum, & Timsit-Berthier, 1986) , and may be dependent on patients' clinical characteristics. In a binaural oddball task, Bruder et al. (2002) reported an early P3 factor (nose reference; 315 ms peak latency), having a topography that included midline frontocentral sites, which was separable from a later P3 (400 ms) subcomponent, with a parietal topography typical of P3b. The former factor was larger in patients having an anxiety disorder alone when compared to depressed patients or healthy controls. Patients having depressive disorder with comorbid anxiety disorder, but not depression alone, tended to have a smaller early P3 than healthy controls. In contrast, the late P3 was larger in depressed patients having a comorbid anxiety disorder when compared to the other groups, but did not differ between patients having a depressive disorder alone and controls. If P3a is as ubiquitous as suggested by Polich (2007) , the early P3 differences could reflect P3a differences between groups. The importance of differentiating between P3 subcomponents is that they are associated with different cognitive operations and neural generators (Polich, 2007) , and this could provide new information on the cognitive and neural correlates of P3 reductions in depressed patients. Although novelty P3 is generally considered to be a variant of P3a, it is paradigmatically and functionally distinct from target-related P3b. In a preliminary report using integrated window amplitudes as component measures for 31-channel, nosereferenced ERPs recorded during a binaural novelty oddball task, we observed a prominent reduction in an early, frontocentral novelty P3 for 20 depressed patients when compared to 20 healthy controls (Bruder, Kroppmann, et al., 2009; Kroppmann et al., 2006) . However, reliance on conventional ERP measures posed limitations for a complete separation of novelty P3 from overlapping late positive components. The present study sought to replicate and extend these findings in an independent and substantially larger sample (N 5 98; 49 depressed patients) using a denser 67-channel recording montage so as to identify and quantify the underlying scalp current generator patterns derived from referencefree CSD-PCA methodology. Findings were compared with analogous CSD-PCA solutions obtained from the previous, smaller sample (N 5 40) using a 31-channel montage, and interpreted in the context of solutions obtained for other auditory oddball tasks.
Methods

Participants
Healthy adults (n 5 49; 23 male) with no history of psychopathology, and depressed outpatients (n 5 49; 22 male) from the Depression Evaluation Service at the New York State Psychiatric Institute were recruited from the New York metropolitan area. Table 1 shows the demographic characteristics of the sample. Participants were excluded from the study if they had a hearing loss greater than 30 dB in either ear at 500, 1000, or 2000 Hz, or if they had an ear difference greater than 10 dB. Participants were also excluded if they had current substance abuse, a history of head trauma, or other neurological disorder. Patients were all drug free for a period of at least 7 days. Control participants were screened using the Structured Clinical Interview for DSM-IV, nonpatient edition (First, Spitzer, Gibbon, & Williams, 1996) to exclude those with current or past psychopathology. Participants in both groups were predominantly right-handed as indicated by their Laterality Quotient (LQ) using the Edinburgh Inventory (Oldfield, 1971) . Although handedness has been reported to influence the amplitude of anterior P3 (Alexander & Polich, 1995) , four left-handed patients (LQo0) were included because critical findings were preserved when these patients were excluded. Reports of nicotine use, which may affect P3 amplitude (Anokhin et al., 2000) , were not solicited. Most patients met DSM-IV criteria for major depressive disorder (MDD; n 5 26), dysthymia (n 5 9), or both disorders (n 5 11). Of the remaining 3 patients, 1 was bipolar (depressive phase) and 2 had diagnoses of depression not otherwise specified. Eight patients had a comorbid anxiety disorder. Beck Depression Inventory (Beck, Ward, Mendelson, & Erbaugh, 1961) scores of patients ranged from 13 to 41 (mean 5 23.0 AE 7.2).
Novelty Oddball Task An auditory novelty oddball task was implemented on a Neuroscan STIM system using stimuli developed for this task (Friedman et al., 1993) . For each subject, eight blocks of 50 trials consisting of two 300-ms tones were presented in pseudorandom order (1000 ms stimulus onset asynchrony; 10 ms rise and fall time). A nontarget tone of 350 Hz was presented to the subjects frequently (p 5 .76), as well as an infrequent target tone (p 5 .12) of 500 Hz. Novel sounds (i.e., animal sounds, musical instruments, environmental sounds) with durations of 100-400 ms were infrequently (p 5 .12) intermixed with the nontarget and target tones. All stimuli were presented binaurally over headphones at 85 dB SPL. Subjects were instructed to focus their eyes on a fixation cross displayed on a computer monitor, and to respond with a button press as quickly as possible when, and only when, they heard the infrequent target tone. Response hand (right or left) was counterbalanced across blocks, and will not be considered further in this report.
ERP Methods
Subject preparation. A Lycra stretch electrode cap was used to record from a 66-channel, expanded 10-20 scalp montage (Pivik et al., 1993) , with additional channels for nose (used as off-line reference) and bipolar eye activity (left [LE] measurements of electrode locations with respect to landmarks of the 10-20 system (nasion, inion, auditory meatus, vertex). The scalp placements were prepared using a conventional water soluble electrolyte gel, and the electrode-scalp interface was verified by the acquisition software (ActiView; BioSemi, 2001). During acquisition, the active recording reference was composed of sites PO1 (common mode sense) and PO2 (driven right leg).
Recording and preliminary processing. Continuous electroencephalogram (EEG), stimulus onset, and response codes were recorded using a 72-channel, 24-bit Biosemi ActiveTwo system (256 samples/s; DC-128 Hz). After acquisition, raw data were converted to a nose reference, bipolar EOG derivations were computed from the four eye channels (horizontal electrooculgram (HEOG) 5 RE À LE; vertical electrooculogram (VEOG) 5 TE À BE) and exported to 16-bit Neuroscan format using Polyrex (Kayser, 2003) , a widely used conversion program that removes ActiveTwo DC offsets, optimizes data rescaling for 16-bit resolution, and provides EEG re-referencing. Amplifier drift was eliminated by padding sufficient samples into the beginning of the file and applying a highpass causal filter based a rectangular smoothing window (3541-point padding/channel allows the buildup of a rectangular filter window, corresponding to a 10-s time constant 2 ). The filtered, continuous EEG was then blink corrected using a spatial, singular value decomposition filter generated from identified blinks and artifactfree EEG periods (NeuroScan, 2003) .
Stimulus-locked epochs (1200 ms, 200 ms prestimulus) were extracted. ERP waveforms were screened for electrolyte bridges (Tenke & Kayser, 2001) . Channels containing amplifier drift, residual eye activity, muscle or movement-related artifacts, or noise for any given trial were identified using a reference-free approach (Kayser & Tenke, 2006a) , and replaced by spherical spline interpolations (Perrin, Pernier, Bertrand, & Echallier, 1989) using the data from artifact-free channels if possible (i.e., when less than 25% of all EEG channels contained an artifact), as verified by visual inspection. ERP averages were computed for correct targets, nontargets, and novels (at least 16 trials for all averages), as well as for novels in the first and last halves of blocks (valid data containing at least 8 trials was available for 47 controls and 44 patients). ERP averages were then low-pass filtered at 12.5 Hz ( À 24 dB/octave) and finally baseline corrected using the 200 ms preceding stimulus onset. Visual inspection of the individual ERP waveforms confirmed a satisfactory signalto-noise ratio for each participant and each condition. Figure 1 shows grand average, nose-referenced ERP averages for correct trials in the novelty oddball task. The expected component structure was observed, including novelty P3 (indicated at vertex, electrode Cz) and a posterior target P3b.
CSD methods
Current source density. CSD estimates are based on the second spatial derivative of the recorded surface potentials and represent the magnitude of the radial (transcranial) current flow entering (sinks) and leaving (sources) the scalp (Nunez & Srinivasan, 2006) . CSD is a true reference-free technique, in that any ERP recording reference scheme will provide identical CSD estimates, which resolves the ubiquitous problem of arbitrarily choosing a reference. Moreover, by eliminating volume-conducted contributions from distant regions, CSD topographies have more sharply localized peaks than corresponding ERP topographies, and more closely represent the direction, location, and intensity of current generators that underlie an ERP topography (Mitzdorf, 1985; Nicholson, 1973) . Furthermore, CSD waveforms have more focal temporal peaks than the corresponding ERP waveforms (Kayser & Tenke, 2006b ), thereby providing a more precise time course of any given ERP/CSD component. Although CSD estimates are montage dependent, the surprising accuracy and reliability of low-density estimates support the comparability of high-and low-density CSD solutions, particularly for group comparisons (Kayser & Tenke, 2006c) . Figure 2 shows CSD grand averages for correct trials. CSD estimates (mV/cm 2 units; 10-cm head radius) were computed using a spherical spline surface Laplacian (Perrin et al., 1989) with computation parameters (50 iterations; m 5 4; smoothing constant l 5 10 À 5 ) previously established for a 31-channel recording montage (e.g., Kayser & Tenke, 2006b , 2006c Tenke et al., 1998) . As expected, components have sharper topographies and time courses that more clearly separate the anterior from posterior P3 sources.
CSD-PCA. As detailed in Kayser and Tenke (2006b) , eventrelated CSDs were submitted to a covariance-based PCA followed by unrestricted Varimax rotation of the covariance loadings (Matlab emulation of BMDP-4M published in the appendix of Kayser & Tenke, 2003) . Data consisted of 308 time points as variables (À 200 to 1000 ms), using a total of 19,698 observations as cases consisting of three conditions (novel, target, nontarget), 98 participants, and 67 sites (electrode locations). Figure 3 shows the obtained CSD-PCA factor structure for the novelty oddball task, and Table 2 indicates its comparability with that observed in other oddball tasks using two-stimulus binaural (Kayser & Tenke, 2006b , 2006c , and a late positivity (F À CP1) were readily identifiable from loadings waveforms and corresponding factor score topographies. Specifically, an N1 (120) sink/source topography was observed that was similar in all stimuli, and consistent with activation of primary auditory cortex within the Sylvian fissure (tangential N1; sink maxima near sites C3/C4; Figure 3b) . A subsequent sink (temporal N1; 179; Figure 3b , column 2) was consistent with generators on the lateral surface of the temporal lobes (i.e., radial N1). Likewise, the target-related N2/P3 ERP sequence was evidenced by a frontocentral sink (241; Figure 3b , column 3), followed by a parietal P3b source (343; Figure 3b column 4), with an asymmetric, right-sided extension into temporal lobe regions. Finally, the distinctive, target-specific, late positivity corresponding to the characteristic midfrontal sink/ centroparietal source factor, F À CP 1 (542; Figure 3b , column 5) was identified. The remaining high-variance component (956; often identified as ''slow wave'' to reflect the loadings' time course) represents slow, task-irrelevant variance that is largely attributable to the baseline correction procedure (Section 1.3 of Kayser & Tenke, 2003) . Despite this degree of consistency with the CSD-PCA factor structure produced in other oddball tasks, there were notable differences. Compared to the other tasks using tonal stimuli, the target N2 sink (241) was shifted medially, with maximal sink amplitude at the frontal midline (Figure 3b , column 3, factor 241). The frontal P3 source was only observed for the novelty oddball task, and was concurrent with parietal P3b (343; Figure  3b , row 2, column 4, factor 343). Although the frontal P3 source (343) was also present for novel stimuli, the only P3 source that was unique to novel stimuli was the novelty vertex source (factor 241; Figure 3b , row 3, column 3; Table 2 ), which was preceded by a midline novelty N2 sink.
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Statistical methods
The focus of the present study was on the novelty P3, which has a well-documented midline topography. Our reliance on CSD waveforms eliminates quantitative and statistical ambiguities caused by the choice of a recording reference, while sharpening and enhancing these midline topographies, thereby simplifying measurements and comparisons between groups. Moreover, the distinctive pattern of localized sources and sinks observed in the novelty oddball task indicate qualitative differences across conditions (cf. Figure 3b , factors 241, 343, and 542). For this reason, separate repeated measures analyses of variance (ANOVAs; BMDP-4V; Dixon, 1992) were conducted for the sources underlying the late positivities to targets and novels using subsets of electrode sites corresponding to these characteristic topographies. Greenhouse-Geisser e correction was applied when appropriate (e.g., Keselman, 1998) .
In previous binaural and dichotic oddball tasks, we restricted our analysis of target-related P3b sources to parietal sites (e.g., Kayser & Tenke, 2006b; ; but for an alternative, see Kayser, Tenke, Gates, & Bruder, 2007) . In the present study, the target P3b source (343) was best defined at the five medial parietal sites (Pz, P1/2, P3/4). However, this source topography extended into lateral sites, requiring an additional ANOVA to probe source asymmetries using seven homologous pairs (TP7/8, P7/8, P5/6, P3/4, P1/2, PO7/8, PO3/4). The corresponding midfrontocental source of factor 343 consisted of four sites: AFz, Fz, F1/2. Finally, F À CP1 (542) was measured at five sites for the mid-frontocental sink (FCz, Fz, F1/2, FCz) and four homologous pairs for the centroparietal source (CP1/2, CP3/4, P1/2, P3/ 4). In addition to these regions, the novelty response also included a novelty vertex source for factor 241 (FCz, Cz, C1/2, CPz), and a secondary lateral frontal source topography (AF7/8, F7/8). ANOVA models for each of the midline topographies included group (patient, control) as a between-subjects factor and site (all electrode sites within the region) as a within-subject factor, or hemisphere (left, right) and site for topographies displaced from the midline. Even though the age difference between groups was small, significant ANOVA results were confirmed using age as a covariate.
To assure the adequacy and stability of the temporal CSD-PCA solution, CSD waveforms were also subjected to a temporal PCA restricted to novels in the first versus last half of trials, as well as a hemispatial PCA . Results were consistent with those from the overall temporal CSD-PCA and are not further detailed here (see Supplemental Material).
Comparison with CSD-PCA Solution for 31-Channel Data Our previous study (Bruder, Kroppmann, et al., in press) reported findings of nose-referenced ERPs from a 31-channel montage (Grass amplifiers using a 0.1-30-Hz band pass) at 200 samples/s in 20 healthy controls and 20 depressed patients. All participants were right-handed, and the groups did not significantly differ in age or education level. CSD-PCA were also computed from these data for this report, using the 241 time points as variables (À 200 to 1000 ms), with a total of 3,720 observations consisting of three conditions (novel, target, nontarget), 40 subjects, and 31 sites (electrodes). The comparability of CSD-PCA solutions for this initial study and the current replication was evaluated by comparing rotated factor loadings and factor score topographies.
Results
Behavioral Performance
Participants performed well on this task (98.5 AE 1.9 total% correct). Only one healthy participant and five depressed patients performed at less than 95%. Nontarget performance was close to perfect for both groups (controls: 99.6 AE 0.6; patients: 99.5 AE 0.8), and the correct rejection of novels was comparable for the two groups (controls: 96.6 AE 4.3; patients: 96.4 AE 4.2). Patients had significantly longer reaction times to targets compared to controls (491 AE 87 ms vs. 438 AE 88 ms), F(1,97) 5 8.84, p 5 .004, a difference that was preserved when age was used as a covariate, F(1,97) 5 5.62, p 5 .02. Figure 4 shows CSD waveforms for healthy controls and depressed patients at midline sites, with reference lines fixed at latencies corresponding to loadings peaks for factors 179, 241, 343, and 542. Although nontarget N1 and P2 are comparable for the two groups, target-related differences are distributed over time and invert along the midline from a posterior source reduction (at Pz) to an anterior source enhancement (AFz, Fz) in patients ( Figure 4, column 2) . However, the group difference in response to novels was quite localized, being greatest at vertex (Cz), where a prominent sink (179 ms) was followed by a source (241 ms) in both groups. Although the amplitude of the sink was comparable in the two groups, the novelty vertex source was markedly reduced in patients. The amplitude of the subsequent novelty response at frontal sites (343 ms) did not differ between groups.
CSD-PCA Comparisons between Groups
Figure 5 reveals that factor score topographies were similar in patients and controls for nontarget and target stimuli. The novelty vertex source (241) was unique to novels and showed a prominent reduction in depressed patients. In contrast, the midline frontal P3 source (343) topography was not unique to novels (i.e., was also prominent for targets), and was equally evident in patients and controls.
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Statistical Analyses
Target sources. Significant ANOVA results for target and novel stimuli are shown in Table 3 for factors 241, 343, and 542. Evidence suggesting midparietal source reduction and midfrontal P3 source enhancement for 343 in patients (cf. Figure 5 , column 2) was not preserved when age was included as a covariate. A notable P3b asymmetry at lateral temporoparietal sites was also unrelated to group. However, the midfrontal response-related sink (542) was significantly reduced in patients, the corresponding centroparietal source being reduced at sites CP1/2, and larger over the left than right hemisphere.
Novelty sources. The prominent, novelty vertex source (241) was markedly reduced in patients (cf . Table 3 and Figure 5 , column 1), and was preserved when age was used as a covariate as well as after age differences were eliminated by excluding the 26 oldest participants, F(1,70) 5 4.232, p 5 .04. This group difference did not reflect activity in the secondary, frontal source of factor 241, which showed an effect in the opposite direction. In marked contrast, the subsequent P3 source (343) did not differ between groups for novel stimuli, either at midfrontal or posterior sites. Table 4 shows the correlations of the regional mean source amplitudes with age and task performance. Age was most strongly correlated with the factor score amplitudes for the target P3 source (343) and the novelty vertex source (241), with larger sources in younger subjects. This observation confirms the importance of age as a covariate in the reported analyses. Performance measures were significantly correlated with target-related parietal P3 (343: RT and hit rate) and the response-related centroparietal source (542: RTonly), as well as the novelty vertex source (241: hit rate only).
Source Correlations with Age, Performance, and Clinical Features
Severity of depression on the BDI was significantly correlated with the novelty vertex source (r 5 À .30, n 5 94, p 5 .003) as well as the late response-related source (r 5 À .28, n 5 94, p 5 .006). However, the association was presumably due to the patient/control classification, as it was not supported when controls were excluded. In contrast, the Chapman measure of physical anhedonia (Chapman & Chapman, 1978) was significantly 140
C.E. Tenke et al. . Averaged midline CSD waveforms for depressed patients (bold gray) and healthy controls (black) for novels (left column), targets (center), and nontargets (right). Vertical lines indicate peak latencies of CSD-PCA factors of interest (labeled in AFz waveforms). For novels, a short latency sink (novelty N2) is followed by a source (novelty P3) at central sites (CPz, Cz), both of which are attenuated and delayed at anterior sites, where the peak latency approximates that observed for target P3. Scale: negative-up (sink). correlated with the response-related source (542), both across all participants (r 5 À .25, n 5 89, p 5 .02) and for patients alone (r 5 À .32, n 5 43, p 5 .04). Figure 6 shows grand mean CSD waveforms for 67-channel and 31-channel studies at midline sites. In both studies, the target P3b source was largest at Pz, and the novelty vertex source was earlier and larger than the novelty source at frontal sites. Consequently, the CSD-PCA extracted factors with highly comparable loadings ( Figure 7a ) and factor score topographies (Figures 5 and 7b) , including a prominent novelty vertex source factor unique to novels that was reduced in patients. Likewise, the response-related F À CP1component (500) was more prominent in controls, particularly for the midline frontal sink. However, parietal P3 was more prominent for controls in the 31-channel study (Figure 6 ), both for targets and novels (335, Figure 7b ).
Replication in an Independent Sample
Discussion
Novelty P3 and the CSD-PCA Factor Structure for the Novelty Oddball Task The basic CSD-PCA factor structure for the novelty oddball task agrees with that observed for other oddball tasks. Factors with comparable topographies for all classes of stimuli included N1, a bilateral sink/source pair consistent with activation of primary auditory cortex within the Sylvian fissure, followed by temporal N1, a bilateral sink topography consistent with generators on the lateral surface of the temporal lobes. Target-related factors included N2 (lateral and midline frontal sinks), P3b (parietal source), and a later, response-related factor (F À CP1) that cor- . Averaged CSD-PCA factor score topographies for the first six factors in each group for nontargets (top), targets (middle), and novels (bottom). Factors are indicated below by peak latency. The early midline 179 sink/241 source pattern is unique to novel stimuli, as is the reduction of the early 241 source in patients. Scale: blue sink, red source. Note: Interactions including site as a factor were followed up by simple effects at each site. a Hemisphere simple effect only at site TP7/8, F(1,96) 5 9.89, p 5 .002, and P5/6, F(1,96) 5 4.37, p 5 .04. responds to a frontally inverting, slow wave contribution of the late positive complex, and that resembles a spatial factor described by Spencer, Wijesinghe, Dien, and Donchin (1999) . Despite the general comparability of CSD-PCA solutions across oddball tasks, there were notable target-related differences between components in the novelty task as compared with other oddball tasks using tonal stimuli. First, rather than overlying the lateral surface of the frontal lobes, the topography of the target-related N2 sink was largely confined to midline frontal sites. Second, the target-related P3 source included a secondary topography at the same midline frontal sites, rather than being restricted to a parietal P3b topography. These target-related characteristics presumably reflect the changed expectancies in the novelty oddball task, in which target likelihood was reduced (.12 compared to .2) and a class of novel nontargets (distracters) was added. These differential characteristics were replicable across recording systems and evident regardless of whether a low-or high-density montage was used. They cannot be attributed to false alarms, because only correct trials were included in the averaged waveforms. Task difficulty can also be ruled out, as they were not observed in a more difficult dichotic oddball task . Although the novelty oddball task differed in stimulus timing (1-s SOA as compared to 2 s for the previous two-stimulus oddball tasks), the topography of the later response-related factor (F À CP1) was preserved for both groups, indicating that any variations in component structure that were related to the abbreviated response period were resolved by the end of the epoch.
The response to novel stimuli was characterized by the expected midline frontocentral P3 source, both in patient and control groups. However, CSD-PCA separated an additional source contributing to the midline novelty P3: the novelty vertex source (241), which was present only for novels, and was distinct from a later frontal source (343) having the same latency and topography as observed for targets. This source is evidenced in ERP waveforms as an inflection on the rising phase of the novelty P3 (cf. Figure 1 , midline sites at latencies following nontarget P2) and accords well with findings by Yago, Escera, Alho, Giard, and Serra-Grabulosa (2003) , who also reported an early central source ''before the onset of the [novelty P3] waveform, contributing solely to its early phase'' (p. 383).
The early novelty source was preceded by an equally welldefined novelty N2 sink (179) at precisely the same sites that was not observed for targets. It is, therefore, this sink/source pair (i.e., 179/241) that best qualifies as a substrate for the response to novelty. To the extent that the novelty vertex source defines onset of the volume-conduced ERP at the midline, its differential engagement could contribute to, or even account for, the characteristic early onset of novelty P3, as well as its topographic shift with repetition (Friedman & Simpson, 1994) . In contrast, the fact that the frontal P3 source for targets is comparable to that observed for novels precludes a unique role for this later frontal source in the automatic attentional response to novelty. To the contrary, the focal novelty vertex source suggests a more posterior generator (i.e., in or behind SMA), 4 which is consistent with the localization of an equivalent dipole for go/no-go P3 in portions of cingulate cortex near motor areas (Verleger et al., 2006) , and is a location more consistent with processes related to response inhibition than with task-specific stimulus classification or error processing per se.
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C.E. Tenke et al. Midline CSD Averages by Study Figure 6 . Across-study comparison of averaged midline CSD waveforms at Fz, Cz, and Pz for depressed patients and healthy controls for novels (left column), targets (center), and nontargets (right). Solid line: 67-channel study; dashed lines: previous 31-channel study. Despite amplitude differences, components were generally comparable in each study. Scale: negative-up (sink).
PCA and independent components analysis (ICA) have previously been used to distinguish between P3 subcomponents in the novelty oddball task. One ERP-PCA study (Strobel et al., 2004) also separated an early (240 ms) from late (324 ms) novelty P3. This study further distinguished an even later positivity (492 ms, but identified as P3b), which presumably corresponds to our late, response-related CSD-PCA factor (i.e., F À CP1). Moreover, CSD maps derived from early novelty P3 had a more posterior (i.e., central midline) topography than was obtained for the late component. Debener et al. (2005) used ICA to further explore the class of novel stimuli. They evaluated the impact of using novels as nontargets in an ongoing target detection task (in their case, silent count) by comparing the ERP response to that obtained when novels were targets. Trial-by-trial ERPs were submitted to ICA, which separated an anterior from a posterior cluster. The anterior cluster corresponded, in part, to a midline frontocentral novelty P3, whereas the posterior cluster reflected aspects of parietal P3b. As reflected in single-trial and split-half plots, nontarget novelty P3 in the frontocentral cluster decreased over trials, the decreases being most prominent at latencies longer than the novelty P3 peak. In contrast, when novels were used as targets, frontocentral P3 was generally enhanced, with no evidence of habituation.
Using insights from spatiotemporal PCA, Spencer et al. (2001) emphasized the importance of preserving a common nomenclature for putative ERP components based on their functional and topographic properties. Noting that novels produce both a posterior P3 and a frontal novelty P3, they concluded that the ERP topography produced to novels in any task reflects the summation of task-related contributions from each component. Inasmuch as this summation is largely due to volume conduction from anatomically distinct generators, it follows that these contributions may be better separated by CSD. We strongly concur regarding the importance of topography for component identification and further note that the sharpened topographies of CSD-PCA components allow the distinction of an earlier (factor 241) novelty vertex source from the later and less well-localized frontal and parietal P3 sources (i.e., factor 343). Although the later sources are generally identified as novelty P3 (P3a) and P3b (target P3), respectively, the time course and central topography of the earlier novelty vertex source clearly contribute to the early phase and midline topography of the novelty ERP.
5 These findings are directly apparent from the raw waveforms (Figure 4) , replicable across studies, equally evident for early and late trials (Supplementary Figure S1) , and consistent regardless of whether a temporal or a hemispatial PCA was computed (Supplementary Figure S2) . Given that the earlier novelty P3 source satisfies the three main criteria of the ERP component construct, consisting of both a distinctive neuroanatomical origin and time course (i.e., spatial and temporal characteristics) with an amplitude influenced by experimental manipulation, we identify it as a distinct component, the novelty vertex source (NVS).
Novelty P3 and Depression
The novelty P3 source was localizable to the midline frontocentral region along the longitudinal fissure and was markedly reduced in depressed patients when compared to healthy controls. Previous work suggests that this reduction reflects a deficit in an early attentional response to novelty, rather than in the later cognitive evaluation of these stimuli. However, the novelty P3 reduction was restricted to the earliest phase of the source at the vertex. In contrast, the subsequent, frontal portion of the midline source, characterizing both target and novel stimuli in this task, was not reduced. In addition to the novelty vertex source, the response-related F À CP1, which corresponds to a late frontally inverting positivity, was also reduced in patients. This late source was negatively correlated with self-ratings of both depression (BDI) and physical anhedonia. It presumably reflects a response-related deficit, possibly owing to patients with melancholic or anhedonic forms of depression (see also Bruder et al., 1991) .
Dysfunction of frontal cortex, and particularly the ACC, has been reported in depressed patients using imaging techniques (Bremner, Vythilingam, Vermetten, Vaccarino, & Charney, 2004; Drevets et al., 1997; Siegle, Steinhauer, & Thase, 2004) , consistent with an attentional impairment. However, a similarity between P3a and no-go P3 produced in a go/no-go task (Polich, 2007) suggests the possibility that parallel findings in novelty oddball and executive control paradigms may result from common neuroanatomical mechanisms that underlie attentional control, response selection, and/or response inhibition. The present findings of an early source reduction in depression for novels (i.e., responses correctly inhibited) may thereby be related to the reported no-go performance decrement in depression (Kaiser et al., 2003) and to a reduction in no-go P3 (Ruchsow et al., 2008) . If the early central novelty source actually reflects inhibition of a task-specific response to irrelevant stimuli, it would suggest that a motor, rather than an attentional, process is impaired in depression. However, inhibition in the novelty oddball task could extend well beyond the task-specific behavioral response, to encompass autonomic/affective aspects of the orienting response as well. This broadened conceptualization accords well with evidence suggesting a correspondence between frontocentral novelty P3 (but not P3b) and electrodermal evidence of an orienting response as well as the elimination of this association after mild alcohol intoxication (Marinkovic et al., 2001 ).
CSD-PCA Topographies as Constraints on Deep Generators
Methods for identifying neuronal generators underlying a scalprecorded ERP rely on the volume-conduction relation expressed by Equation (1). Traditionally, scalp topographies have been used to suggest generators, but the task is hampered by the blurring introduced by volume conduction itself. Scalp-CSD sharpens these topographies and reexpresses them in terms of effective radial current generators from subjacent anatomical regions and thereby provides constraints on possible generators. Inverse models (e.g., BESA, LORETA) can improve this anatomical specificity by implementing additional assumptions to allow for stable or plausible solutions, such as the reasonable presupposition of continuity. However, the partial closure of intracranial fields is characterized by abrupt field transitions (Tenke et al., 1993) . Invasive methods provide stronger evidence for generators (e.g., intracranial CSD profiles), but even these may require additional evidence before their laminar and cellular mechanisms may be deduced (Schroeder et al., 1995) . Convergent evidence from other sources (e.g., functional imaging) may also be useful, but only as it illuminates the relationship expressed in Equation (1).
Midline ERP generators have been inferred for phenomena spanning a range of cognitive and spectral paradigms (e.g., ERN/theta: Luu, Tucker, & Makeig, 2004; EEG/theta: Gevins & Smith 2000; McEvoy, Pellouchoud, Smith, & Gevins, 2001; Pizzagalli et al., 2001 ; but see . There may even be a fundamental link between midline theta and novelty P3 (Demiralp, Ademoglu, Comerchero, & Polich, 2001; Isler, Grieve, Czernochowski, Starkm, & Friedman, 2008) . Relevant for all these findings is that a single pair of bilaterally symmetric, midline dipoles (e.g., ACC simulation) produces sufficient field closure to impede inverse solutions . However, the same simulated generator produces a scalp-CSD topography that correctly describes deep sinks projecting bilaterally from the midline over the lateral frontal lobe, with uncanceled sources aligned narrowly along the overlying frontal midline (e.g., Kayser & Tenke, 2006b; ). This precise CSD pattern has also been observed in word recognition memory tasks, revealing old-new effects for a response-locked midfrontal sink with significant effects corresponding to this topography (Kayser et al., 2007) . It follows, therefore, that CSD-PCA provides a comprehensive, yet conservative, linear approach for identifying and quantifying the generator patterns underlying the scalp-recorded ERP.
